The resource-based view (RBV) of firms has emerged to provide colour and context to previously homogeneous models of firms and industries. Recent research in this field seeks to better understand the processes of social complexity and causal ambiguity that RBV has developed to explain the elusive impacts of resource interactions within and outside the firm. This paper outlines the salient literature in the fields of complexity theory and interorganizational alliances to develop research questions relating to the motivations for and emergent patterns of these alliances within the context of the Bluetooth standard -an emerging standard for wireless communications.
Introduction
The processes of creating, sharing and transferring knowledge have received much attention in recent years. Departing from the neo-classical economics literature, once heterodox "evolutionary theories" of industrial development have today become mainstream as themes such as bounded rationality, path dependency and systemic connectivity have become accepted as common sense.
In essence, these elements of evolutionary theory seek to understand the emergent properties of technologies and industries by investigating the institutional, geographical and political bases of economic change. In many respects, evolutionary economics shares much of its impetus with the resource based view (RBV) of organizations -a thematic representation of firms that also arose in response to systemic limitations of neo-classical theory to explain the emergence and persistent success (sustained competitive advantage) of firms within industries over time.
Both of these approaches seek to open "black boxes" -the mono-economy view of classical economics and the homogenous firm notion of classical strategic management theory. Both fields explore the components of the systems (firm resources in the former and agencies and actors in the latter), both are concerned with resource/agent interactions and both provide a level of primacy to the impetus provided by technological change as a driver of systemic dynamics and growth.
Both, too, have their "error term" -a conceptual aggregation of the elusive effects of systemic interactions. In the case of the RBV, the concept of "causal ambiguity" has emerged to express the inexplicable (generally) positive and (more occasionally) negative elements of resource and actor interactions. In the case of evolutionary economics, the presences of infra-marginal efficiency and social complexity have been observed as drivers of firm-level diversions from expected performance outcomes. Both areas of knowledge are increasingly concerned with implications of network effects, for example, by Arthurian returns to scale and speed and scale of technology take-up and innovation adoption.
A Resource-Based Reading of Technological Development
Technological progress in the context of capitalist-based economies entails achieving a confluence of technical and market potential. As such, the role of risk and risk assessment -relating both to technical and economic uncertainties, play a critical role in assessing the potential of new technological investments. Such uncertainties can and do emerge from primary uncertainties relating to unknowable exigencies and also secondary uncertainties related to coordination and communication failures between firms. Williamson (1957) also noted the presence of behavioral uncertainty that emerges from self-satisficing or opportunistic decisions of firms that may not be in their own best interests or indeed the interests of the network of firms pursuing the development of the new technology.
In resource-based terms, an appreciation and understanding of risk and uncertainty in such a frame requires broad and complex competencies. These extend well beyond the technical and market to knowledge and skills in dealing with partner and competitor firms in a dynamic frame.
Such challenges tend to be exacerbated in complex and technologicallydriven industries. In such contexts, iterations of uncertainties are sped-up and tend towards divergence of options (often driven by lock-in and winner-take-all standards adoption as is often illustrated by reference to the VHS-Beta industrial trajectory of the 1980s). As such, the accumulation of firm-based resources requires careful planning that incorporates highly uncertain and often unknowable stages of developments and industry outcomes.
Related to and linking with these lock-ins are patterns of path dependency that emerge in response to the logical linking of one technological solution with the proceeding technological problem. In some ways, the path dependency approach provides an alternative perspective on innovation that provides a means to reduce the impact of uncertainties. In such a perspective, paradigms of enquiry frame research options and market understandings such that the processes of technological development are predisposed to follow a predetermined path. At an extreme of conviction, innovation in such a scope of understanding can be predicted in much the same manner as a trajectory of a projectile is determinate from its initial direction and velocity.
Integrating these perspectives is problematic, though much empirical evidence does indeed suggest that technological development has elements of both predisposition and the involvement of human agency and strategy. Clearly, even while paths can be cumulative and have great momentum, they can and are swayed and directed by the action of managerial agency and strategy.
Another emergent theme that provides a clear nexus between these evolutionary models of technology and the resource-based view of firms and industries is the presence, persistence and importance of tacit knowledge in firms involved in complex endeavors. In such a model, the diffusion process becomes highly personalized and dependent on the presence of human-tohuman networks and communication linkages.
The Role of Complexity Theory in Innovation and Technology Management
An emerging literature that has created much interest in recent years relates to the view that organisations and organisational networks are components of adaptive, complex systems of semi-autonomous strategic actors (Holland 1995; Stacey 1996 , McKelvey 1999 .
The use of the complexity perspective to inform our understanding of strategy offers the potential for a number of insights. Research in the application of complexity theory in organisational studies is naturally quite diverse. Complexity literature regularly utilises metaphors to convey meaning -indeed the many of the insights into the managerial and cognitive studies areas have emerged from use of metaphors from the biological, to the physical and to the geographical and physical sciences (genetic selection, non-linear chaos and rugged terrains are but some examples).
In summarising the current themes relating to complexity in organisational studies (for a call for papers for Organization Science), Anderson (1996) summarised the following trends and themes:
In spite of classical economic models, many complex and dynamic systems fail to reach either partial or complete equilibrium and stability (neither in terms of a point in time nor in the repetition of a cycle);
Complex patterns of behavior that at first seem random may reflect deeper chaotic processes that in turn are created and sustained by various "attractors", or underlying rules of behavior within the system; The divergence of two initially similar systems over time can be as a result of small differences in the systems' initial conditions (historical conditions) and also forces impacting upon systems as they grow; Path-dependency can be observed in many systems with sufficient understanding of the rules of behavior and the environmental context of the system. Systems tend to exhibit self-organization over time, moving towards order and some level of stability as behaviors with positive outcomes are rewarded, proliferated and repeated and those with negative outcomes are avoided.
Recent research (Pascale 1999; Park and Kim 1999) seeks to understand the inherently complex processes involved in knowledge flows between actors in the creation of value. Early taxonomic work by Pavitt (1984) in the industrial clusters literature tended to emphasize firms as key actors, classifying these on the basis of sources of technology, types of user, means of acquisition and firm size. More recent work by Pavitt (1999) emphasizes the centrality of complexity and the multi-disciplinarity of systems within which innovation and technological progress occur.
Learning
Complexity argues that all social systems from the dyadic level up are systems within systems, with recursive learning and adaptation key drivers of systemic development. Stacey (1996, 10) Learning is thus not just about other agents -it rather focuses on the rules by which they operate in relationships with one another. The knowledge accumulated is this deep knowledge of context and dynamic process, rather than static decision making.
Initial knowledge "stocks" within firms influence both the degree and direction of its learning processes. In complexity and mathematical science, this phenomenon is known as hysteresis. The formal definition of hysteresis notes that the response of a system to external stimuli depends both upon the nature and magnitude of the driving force and also the previous history of the system.
The Environment
Boisot and Cohen (2000) find that the exponential growth of information and communications technology has rendered the traditional conceptualisation of firms as having internal and external environments obsolete. They note (Boisot and Cohen, 2000, 119 Such a relationship between an organisation and its environment illustrates autopoietic (literally self-making) properties. Autopoiesis was applied to the social sciences most notably by Maturana and Varela (1980, 1987) . They found that a basic property of all systems that exhibited cognition and developed over time (were thus "living") was an ability to distinguish between themselves and their environment.
Such environmental contextualisation of firms and systems of firms both constrains and supports their development. Humans and their organisations exist within a socially and technologically constrained phenomenal domain. For example, a manufacturer of high-technology information technology hardware operates in a complex and often chaotic domain of accepted though adapting "truth" (von Krogh and Roos, 1995) . Within this framework, organisations and their participants share knowledge with one another in code and language (shared lexicons, meanings and syntactic conventions) that both facilitates and constrains communication and creative cognition.
Autopoietic theory delves deeply into the theme of system -context intercognition and interactions. A review is beyond the scope of this paper, though some key elements of the theory help inform the latter sections relating to firm-environment engagement. Maturana and Valerba (1987) have proposed two (not necessarily mutually exclusive) states by which organisations and systems change over time:
"Structural determination" argues that systems emerge based upon given structural constraints, generally unimpeded by environmental forces. In the social sciences, such a perspective finds resonance with strategic choice conceptualisations best outlined by Child (1972 Child ( , 1997 .
"Structural coupling", on the other hand, notes that systems can be linked dynamically with either other systems or their environment (or indeed both). Systemic emergence is thus a function of iterations and recursion as systems support, compete and challenge one another. Child and Faulkner (1998), Inkpen (2001) and Gulati, Nohria and Zaheer (2000) , in recent reviews of the various perspectives employed to understand inter-organisational alliances, note that economics, game theory, strategic management, behavioural perspectives, stakeholder approaches and organisational theory have all made contributions to our emergent understanding of the nature and dynamics of cooperative relationships between firms. If there is some commonality in the thematic development across these theoretical perspectives it is that that alliances are increasingly viewed in complex, multidimensional and adaptive, rather than stable and dyadic, terms (Larson and Starr, 1993; Gulati, Nohria and Zaheer, 2000) .
Traditional Conceptualisations of Interfirm Alliances
While any network arrangement tends to operate functionally as a series of dyads, adopting the interconnected network as a unit of analysis provides new perspectives and insights for the researcher. Coupled with and related to this emerging network perspective, dynamic rather than static and equilibrium inspired views are also seen as more convincing reflections of the manner in which networks and alliances truly function (Jones, Hesterly and Borgatti, 1997) . The importance of such a focus is especially present in complex organisational environments, where exogenous drivers of dynamism and change play a role in continually reforming the alliance arrangements and the relative positions of the alliance members.
These moves towards more complex theoretical understandings are mirrored across the strategic management literature (Stacey, 1995; McKelvey, 1999) creating an impetus towards the use of complex adaptive systems as appropriate units of analysis in strategic management research, rather than firms or industries (Morel and Ramanujam, 1999; Markides, 1999) . The use of a systemic focus by organisational management within inter-firm networks (Stuart, 2000) , within regions or nations (Lundvall, 1992) or globally (Zanfei, 2000) have been shown to be a strong facilitator of effective knowledge utilisation and innovation. At the more micro-level of analysis, networks are viewed in the resourcebased framework as a contingency-based response to the potential benefits and inherent problems of heterogeneous firm resources (Das and Teng, 2000) . By linking the internal capabilities of the firm to the outside environment, organisational resources are freed to operate as a source of creative novelty and product or service value (Hagedoorn and Schakenraad, 1994) . They determine the uniqueness of the goods and services provided by the firm and help to maintain this uniqueness through the erection of barriers to rivalry: whether through imitation, substitution or eventual market displacement.
Alliances tend to be driven by potential complementarities between some types of characteristics held by the firms involved. Stuart (2000) notes that the potential benefits for firms differ-for small firms the reputational benefits of involvement with a large, innovative firm tend to be significant. For larger firms, access to resources and know-how tend to be key drivers. Where alliances require the development and maintenance of physical assets, they tend to be more concrete in their form and durability. Where the resources involved tend to be intangible (like reputation) or knowledge based, more innovative structures tend to be required that can take into account the asymmetric nature of the knowledge development process.
In either instance, research by Larson (1992) emphasizes the importance of stable, multidimensional and complex inter-organizational exchange relationships in the development of new products. Specifically, he investigates the importance of these relationships for entrepreneurial and innovative firms. Eisenhardt and Schoonhoven (1996) found that when industries were characterized by emergent technologies, alliances were beneficial due to the potential for the emergence of synergistic knowledge benefits and risk sharing.
As complexity in information technology and telecommunications has increased, a degree of vertical and horizontal disintegration has occurred in these industries (Lamming, 1993) , requiring firms to cooperate within both design and supply chains to develop products and services (Lynskey, 1999) . Processes of disintegration have created both the opportunity and need for network development between firms in developing complex products or services that are compatible with complex broader systems.
As knowledge development becomes more important as the basis of strategic alliances between firms, there is an opportunity and indeed a necessity to ensure a degree of fluidity and dynamism in its allocation and development. Thus a strategic dilemma of sorts has emerged for many industry participants in high technology endeavors. A degree of knowledge sharing is necessary to ensure a role in a broader complex system, while a degree of exclusivity is also necessary to ensure differentiation from other industry participants. This dynamic tension is at the core of the planning for and implementation of network alliance relationships among firms and creates operational challenges in a number of areas.
The Implications of Uncertainty
Compounding this dilemma may be external challenges that emerge from difficult industrial environments that contribute to uncertainty about investment decisions. Waddock (1991) noted that much academic thinking views collaboration between firms, per se, as a way of structuring the organisational environment in such a way that uncertainty is reduced. Gresov and Drasin (1997) proposed that low task uncertainty tends to require a mechanistic relationship arrangement between partners to handle routinized tasks, while horizontal interdependence, organic organisational structures and partner flexibility are more appropriate relationship features where task uncertainty is high. Such findings are commensurate with those of Lindsley, Brass and Thomas (1995) , who contend that cross-level relationships within and between firms will be stronger when task uncertainty or complexity is high, and weaker and less defined under low task uncertainty or complexity. Geletkanycz and Hambrick (1997) found that in uncertain environments (in the case of their paper, the computer industry), organisational performance is more positive in uncertain industries when firms tend to conform to industry norms, while this is not the case in stable industries (they investigated the food industry in this regard).
Uncertainty and Risk
Shepherd (1991) notes that inter-firm networks emerge to both facilitate entrepreneurial knowledge flows and also to allow for a reduction in investment risk, especially in innovative endeavours. Research has indicated that most managers, ceteris paribus, tend towards risk aversion if possible (Beatty and Zajac, 1994) . Managers, confronted with risky or uncertain investment scenarios have available to them a number of strategic alternatives. King (1995) noted that "obviously, diverse portfolios of assets, like portfolios of stocks, can reduce the risk of investment and allow investors greater flexibility". Formal and informal alliance arrangements tend to provide further avenues of technology 'options' within an organisational portfolio, just as formally traded options in the finance market may assist in the reduction of portfolio risk if carefully employed. Alliance arrangements may be categorised as a positive way of minimising the organisational downside of commitment to a particular emergent technological or market paradigm. Other options available may be to wait until the technological, market and competitive environment becomes more clear, though this may be at the expense of early-mover advantages that are a vital component of strategic success in new ventures.
Portfolio-based risk management techniques help to reduce risk within a technological system (broadly defined). For example, developing alliances with the proponents of competitive standards developers may assist a firm in escaping from being "locked-out" of an emergent technological paradigm. Portfolio approaches, though, evidently do not protect firms from contractions across entire industry sectors or other problematic exogenous environmental factors -indeed the costs associated with the various alliance arrangements may over-extend firms and limit their capacity to reduce their exposure to a given set of commitments when such a strategy may be warranted. These inherent costs have many causes, not the least the potential for opportunistic knowledge flows within and between value chains that may have deleterious effects on the value of firm knowledge stocks (Matusik and Hill, 1998) . Effective coordination may also be difficult to achieve and costly (Gulati and Singh, 1998) , especially in contrast to traditional hierarchies.
In periods of industrial contraction, the costs of alliance formation and maintenance tend to more than counterbalance any benefits flowing from the alliance. Slowing expenditure on research and development may support a more defensive posture by managers with regards to knowledge sharing. Furthermore, the slowing investment may slow the processes of technological commercialisation, adding further pressure on firms to withdraw of re-assess their participation in alliances.
Network Dynamics
Gulati, Nohria and Zaheer (2000) note that while many networks are stable, there is increasing evidence that alliances tend toward dynamism in the presence of changing exogenous and endogenous forces.
The typology adopted by these authors with regards to the causes of network dynamics relate to relational arrangements (lock-in and lock-out constraints, both formal and informal)
Managerial Strategies in Response to Risk, Uncertainty and Contextual Pressures
Gulati, Nohria and Zaheer (2000) note that in extreme cases, undesirable exogenous factors can place pressure fatal on alliance arrangements. Certainly the operational environment within which the firm and alliance operates creates Das and Teng (1998) 
noted that:
Should partners become concerned about potential inequities in profit distribution, for instance, their confidence in and commitment to the alliance most likely would recede, even if the alliances are about to bring positive results One could expected that the combination of undesirable exogenous factors creating pressure on potential future profits and a degree of uncertainty about division of profits in new technological applications would create a highly difficult environment for alliances.
Theoretical Model
First developed to explore emergent properties of physical and biological systems, complexity is increasingly being applied to the study of complex and iterative social phenomena. Complex views of systemic emergence share many of the same implications as evolutionary economic theories, in that:
• there is no inherent assumption of equilibrium and stability over the long-run, • there is a shared focus on historical forces and path dependency.
An important area of difference of complexity theory, however, is its explicit focus on systemic emergence over time. Specifically, there is an expectation that this emergence is driven by definable rules of behavior (systemic attractors) able to be identified as a pattern of dyads or multi-dyadic relationships within a population.
In comparing the conceptual models developed to explore and elucidate the drivers of evolution and emergence of knowledge-based industries, it is found that there is a strong (potential) contribution of complexity theory to evolutionary economics in its ability to analyze co-evolutionary processes and interdependent relationships between actors or agencies, and the rules that these actors or agencies follow, over time.
In this regard, models of autopoiesis developed by Maturana & Varela (1980) are employed in the development of a set of research questions for later exploration. These authors have contended that the inherent relationships between actors form the basis of all emergent systems. They were very concerned with the definition of systemic domains, a term that denotes the realm within which relationships occur and interactions develop. In operational terms, the authors contended that systems emerged based upon structural coupling, the process of systemic interactions between systems that create new outcomes (relational outcomes structural elements) each.
In terms of outcomes, structural coupling denotes both co-evolution of systemic actors and also a degree of systemic coordination and direction setting by the more senior (in influence) systemic actors. These processes of mutual reorientation towards evolving and shared outcomes and goals provided a final-step in a procedural loop, which in turn face perturbation and change as the newly defined system interacts with others.
As the reader may appreciate, complexity thinking and autopoietic theory provide conceptual frameworks rather than researchable models. They can, however, inspire original research insights into systemic behaviour and the manner of interaction between systemic agents.
As such, the following research questions are proposed, with a view to adopting autopoietic theory to better understand early-stage adaptation and co-evolution in inter-firm networks.
• What is the nature of the connectivities between actors and/or agents?
• What form of actors and/or agent interdependence is evident within the system? • What are the forms of positive and negative feedback guiding these interactions over time?
Empirical Context of the Research
This paper seeks to elucidate these linkages and behavioral rules within the context of the Bluetooth technological paradigm. Originally conceived as a means to replace hard connections wires in the office and home environments, these has been a profusion of potential applications of this technology in a number of ICT devices. Bluetooth is a communications standard for short-distance wireless communications, connecting electronic devices such as computers, peripherals and mobile and fixed-line telecommunications devices at speeds up to 1 mbps and distances up to 10 meters.
The technology in its current iteration seeks to remove the need for cabling in office environments, an innovation that will have large benefits for commercial and home users of information technology equipment. Bluetooth in effect creates a piconet around a given user, connecting up to eight compatible appliances within a dynamic and mobile personal network.
Bluetooth utilises the 2.45GHz frequency band has been reserved internationally for unlicensed use for industrial, scientific and medical (ISM) purposes. This frequency of the radio band is well suited for high rate data transmission within a local environment. A number of technologies have emerged that provide peripheral or direct competition for Bluetooth, including the IEEE standard 802.11.
The Organisation of Bluetooth
The Bluetooth standard has been developed and promoted within a semicooperative, non-proprietary framework based around open technical specifications (Eneroth and Malm, 2001) . Ericsson, the Swedish telecommunications firm, first developed the technological bases of the standard between 1996 and 1997, and an early decision to work with the US firm Intel augured in a commitment to openness and incorporative knowledge sharing. Nokia joined the emerging consortium in 1998.
The driving forces for the commitment to openness can be summarised as follows:
• Competition: Bluetooth was a late entrant in the emerging wireless LAN market, with both proprietary and non-proprietary solutions from the United States and elsewhere emerging at the time; • Compatibility: An openly available technical protocol was seen to be a strong promoter of device compatibility as applications emerged and;
• Complementarity: None of the businesses involved in the commercialisation of the standard perceived Bluetooth as a corebusiness activity. Nokia and Ericsson saw the potential for Bluetooth to add value in their core business (mobile telecommunications), while Intel saw the potential of the technology to assist in the networking of office and home computing environments. As such, the technology was complementary to the core businesses of the developer firms.
Toshiba and IBM joined this trio in May 1998 to form the Promoter Group (PG) of the technology. Interest soon emerged from smaller, developer firms in participation and thus a two-tier governance structure emerged, with a Special Interest Group (SIG) developed to allow open membership and dissemination of information, with the PG maintaining control on key issues relating to the standard's technical development. Within three months of formation of SIG there were more than 250 members of the SIG while in December 1999, Microsoft, Motorola, Agere Systems (then Lucent Microelectronics), and 3Com joined the first 5 members of the promoter group.
This paper draws data from reporting of inter-organizational alliances in relevant industry journals and searchable industry databases. In choosing the Bluetooth technology as a source of empirical data, the availability of a recent and well-documented technological history was of paramount importance. An investigation of reported alliances between Bluetooth proponents allows the construction of further evidence to ascertain the level of interdependence between firms and other agents. Data reporting the creation and activity of formal and informal alliances is extracted from industry publications and websites online. Also, the alliance pedigree of application and product releases are investigated through company information and patent applications.
Emergence of Bluetooth Applications
Bluetooth can be defined as an enabling technology in that it adds functionality to existing ICT devices, though serves no purpose in and of itself. Inasmuch as the technology seeks to facilitate new hybrid devices that integrate the information technology and the communications elements of the ICT industry, various alliances have emerged to allow firms to bring together specific expertise and intellectual property in the production of new products and services.
Within the Bluetooth environment, there are a large number of areas of focus and expertise pursued by firms. In order of primacy, the following list illustrates the areas of competencies that various firms in the sector have developed: Software Arena
• Software/Protocol Stack -the software stack provides the various OEM developers with the basis for product development and testing. • Antenna Innovations -the need to integrate Bluetooth into an increasing variety of applications has required considerable research and innovation in the area of antenna functionality. In essence, core protocols that have been established and agreed are difficult to change without disrupting cross-compatibility, thus improved functionality in the areas of gain (signal strength) and multiple frequency compatibility provide a one of the main areas where innovations can occur.
• Bluetooth Products -Here, the innovative endeavors of OEMs has been diverse and rapidly expansive. Originally devised as a link between PCs and peripherals, there have been numerous developments on this theme as Bluetooth has been utilized to provide wireless access point between broadband access points and central servers. Bluetooth has been rapidly integrated into many ICT devices (mobile phones, PDAs, Notebook PCs) and is moving towards the occupation of a valuable and accepted niche in the home and office market.
Connectivities Between Bluetooth Innovator Firms
Within the context of this research, a variety of models of alliances and joint ventures are evident between participant firms. These various linkages emerge to serve a variety of strategic and operational needs of firms.
Bilateral Alliances
While the standard is non-proprietary in nature, there are still large profits potentially available to firms who establish benchmark applications first and are first to market with innovative applications.
As such, many of the largest members of the PG and SIG have become involved in bilateral arrangements with a view of locking in support for their innovative endeavors. An example of this was the linkage between Intel and These alliances are illustrative of larger power-plays involving the emergence of operating systems for mobile ICT devices. Microsoft's Windows CE.net and Palm OS are competing options for the emergent standard in this section of the ICT industry, and alliances such as these emerge to lock-in and promote Microsoft's paradigmatic approach to operating system adoption.
Paradigmatic, lock-in competition as evidenced by these arrangements and the competition that underlie it has been of concern to both regulatory authorities and economists. The risks that drive firm alliances differ -for the promoters of rival operating systems the risks emerge from lock-out and redundancy. For their partner firms, the forgone risks are those related to the massive requisite investment in alternative approaches, and the allied risks that these approaches will in turn fail.
By increasing alliances to commit to the adoption of competing operating systems, the risks relating to lock-out and redundancy are at once shared and lessened.
Developmental Alliances
While the technology employs openly available protocols, the competencies required to develop applications and services for end users is quite complex and beyond many smaller firms. As such, larger firms with deeper and more established competencies in Bluetooth have established developmental alliances with small and medium enterprises (SMEs) with a view of the provision of both testing hardware and protocol stacks. The exemplar of this process in Ericsson, though there have been other examples including National Semiconductor, Nokia and IBM.
In essence, these linkages allow firms to ensure that their applications are indeed interoperable with other Bluetooth devices. Some firms, such as Silicon Wave, provide this service to developer firms in a contractual client relationship rather than through a multilateral or unilateral alliance or linkage.
The opportunity that underlies these alliances for both the larger firms and the smaller firms relates the opportunity to lessen risk of redundancy and technical error. By aligning innovative efforts with larger firms, smaller innovators are reasonably assured that the testing and compatibility assessment processes will ensure that their applications are consistent with emerging network systems and broader applications.
Multilateral Alliances
UK-based CSR (Cambridge Silicon Radio) has created a network of mostly European firms to allow the flow of information and knowledge, and the rapid dissemination of hardware access, between member firms. Conceived more as an alliance of peers, the firm's website notes that the objective of the arrangement is to allow:
The third party partners [to] By creating a shared and incorporated identity, these SMEs move into direct competition with larger firms who are able to offer complex and comprehensive solutions for Bluetooth developers. The object of the alliance is to facilitate exchange of technical and market information and lessen the inherent risks that are present when competency portfolios are unavailable.
Interdependencies Between Bluetooth Innovator Firms
Firms within the ICT industry have long pursued disparate strategies with equally rational bases (Fransman 1994) . As the component industries of the ICT sector have become more complex in their own rights, and as these complexified industries have then converged, it has been natural to observe a divergence of R&D strategies by firms who increasingly pursue niche technologies within the context of an industry and sector that is increasingly networked.
Such divergences have created the requirement for interfirm linkages, though evidence from Bluetooth suggests that even within this trend, there has been no homogeneity of approach nor indeed evidence of shared rationales and motivations that drive linkages.
This having been said, complexity theory would ask researchers to seek underlying rules of emergence within the industry that portray an underlying set of rules that drive alliance formation. If there are likely candidates to provide these centralizing tendencies in alliance motivation, it relates to the issue of shared risk and delimited firm-level competencies.
There is some irony that lock-in risk is such a motivation for alliance formulation in a technological arena that is notionally based upon nonproprietary and open protocols. Such a conclusion, however, neglects the interconnected nature of ICT and the fact that Bluetooth applications will only find functionality as they interact with applications that are indeed proprietary in nature. As such, standards-based issues are as important in this nonproprietary area of ICT as in any other, and this situation influences the processes of alliance formulation within the area.
Evidence suggests that the increasing complexity of knowledge and competency requirements for the successful production of ICT applications is drawing firms together in an effort to collaborate with complementary competencies, though these negotiations are heavily influenced by broader political and risk-based issues that dominate other investment and research decisions in the broader industry.
Interfirm Feedback Processes in Bluetooth Development
It is clear that reputational benefits flow from the presence of deep and complex operational knowledge within the Bluetooth arena. There is some solidification of these leadership roles in the nature of the promoter group role, and in general terms these promoter group firms have emerged as key players in the creation of core and complex knowledge and IP in the form of protocol stacks (a necessary component of the innovation and new product development process).
Feedback flows are heavily contextualized within particular alliance and network arrangements, though in general the formation of clusters of firms is based upon the effective dissemination of knowledge and the creation of mutually profitable arrangement between firms.
This overall objective can explain some of the evident diversity of forms of alliance arrangements present between firms. The entire Bluetooth SIG and its component networks between firms are generally dynamic -with knowledge and contractual arrangements often dynamic and emergent in response to the successful sharing of knowledge and information between organizations.
Conclusions
This research provides some preliminary evidence to suggest that complexity theory's focus on emergent processes and unstable dyadic arrangements between agents and systems of agents provides some valuable theoretical perspectives to understand the emergence of interorganisational arrangements in complex industries over time.
Complexity theory also allows for an appreciation of the differing roles of divergent alliance arrangements -providing the impetus for researchers to investigate the variety of agent roles and alliance aims that are in turn creating a tremulous and dynamic environment within which innovation occurs.
